Objective: To determine the prevalence of parent-reported sleep problems in young children with epilepsy and their parents, and to compare findings with those in a nonepilepsy-related neurodisability (neurodevelopmental/neurological difficulties) group. Method: Parents of young children (1-7 years) with epilepsy (n = 48 [91% ascertainment]) completed the Child Sleep Habits Questionnaire (CSHQ). Parents (mothers and fathers) also completed the Pittsburgh Sleep Quality Index (PSQI) and the Iowa Fatigue Scale (IFS) in relation to their own functioning. The responses of parents of children with epilepsy were compared with parents of developmental-, age-, and gender-matched children with nonepilepsy-related neurodisability (n = 48). Results: There was not a significant difference in the proportion of children with epilepsy and the children with neurodisability scoring in the at-risk range on the CSHQ (81% vs. 71% respectively) (p = 0.232). 62% of mothers and 44% of fathers of children with epilepsy had 'poor quality sleep' on the PSQI; there was not a significant difference between mothers of children with epilepsy and those of children with neurodisability (p = 0.526) or IFS (p = 0.245) total scores. However, mothers of children with epilepsy had significantly more difficulties on the productivity subscale of the IFS (p = 0.004). There were no significant differences between fathers' scores on either measure. In the epilepsy group, child behavioral problems (p = 0.001) were independently associated with child sleep difficulties and maternal mental health problems were associated with parental sleep difficulties (p = 0.04) and fatigue (p = 0.018). Significance: Young children with epilepsy and their parents have a high rate of sleep difficulties. There is a need to develop effective interventions for this population, taking into consideration of the role of child behavioral problems and parental mental health difficulties. KEY WORDS: Epilepsy, Children, Parents, Sleep, Fatigue.
Although the epilepsies are defined by the occurrence of unprovoked seizures, other factors contribute to diminished quality of life in the children and their families. Cognitive and behavioral difficulties are well described 1, 2 and often have a greater impact on health-related quality of life (HRQoL) than seizures. 3 In addition to these difficulties, many children with epilepsy have difficulties with sleep. Disrupted sleep has the potential for negatively impacting children with epilepsy, 4 but also the quality of life of carers. Despite this, sleep difficulties are often not identified or treated. 5 There is limited population-based data on the prevalence of sleep difficulties in children with epilepsy and their parents, and the majority of previous studies have been hospital based. 6 In addition, few studies have compared sleep in children or their parents with a control group of children with neurodisability (i.e., children with neurologic and/or neurodevelopmental difficulties). It is known that sleep difficulties are common in children with neurodisabilities not associated with epilepsies. 7 It remains unknown whether the presence of seizures in epilepsy has additional impact over and above the impact of associated neurodisabilities. This is important as currently therapeutic approaches in children with epilepsy largely target seizures; this may be appropriate if there is a unique epilepsy contribution to sleep difficulties. In the absence of such a contribution, identification of sleep difficulties in children with epilepsy is necessary so that they can be directly targeted.
The Sussex Early Epilepsy and Neurobehavior (SEEN) project focuses on the prevalence of neurobehavioral difficulties in young children with epilepsy. The aim of the current study was to identify the prevalence of sleep difficulties in young children with epilepsy and their parents. A secondary aim was to compare sleep difficulties in the epilepsy group with a group of age-, gender-, and developmental-matched controls. A final aim was to consider possible contributory factors to sleep difficulties in the children and their parents including demographic factors, epilepsyspecific factors, and child neurobehavior.
Methods

Recruitment
Recruitment in the SEEN study has been described previously. 8 In summary, all children born between 2008 and 2014 in a defined geographic area in the south of the United Kingdom and who were diagnosed with epilepsy (a history of 2 or more unprovoked seizures more than 24 h apart) between September 30th, 2014 and February 29th, 2016 were eligible. Children needed to be at least 1 year of age during the study period.
Recruitment of children with epilepsy
A link pediatrician on the research team identified eligible children with epilepsy. All pediatricians, neurophysiologists, and epilepsy specialist nurses in the study area informed the link pediatrician of current/new diagnoses of epilepsy within the study period. The parents/guardians of eligible children were then sent a letter and/or asked in person to complete an interest form if they wished to find out about the study. One of the study psychologists met all agreeing parents to discuss their child's participation.
Recruitment of children with non-epilepsy-related neurodisability
Once a child with epilepsy was enrolled in the study, parents of children with similar attributes (age, gender, and estimated developmental level) without epilepsy, attending the same clinics in the study area, were approached by collaborating pediatricians. The children required a neurologic or neurodevelopmental concern that needed ongoing intervention. Developmental level was estimated based on school/preschool placement (special or mainstream), previous psychological/developmental assessment, or clinician judgment.
Psychological assessment
Children in both groups underwent psychological assessment in their homes between November 1st, 2014 and April 30th, 2016. Global development was assessed using the Griffiths Mental Development Scales (GMDS) 9 or Griffiths Mental Development Scales-Extended Revised (GMDS-ER). 10 Behavioral functioning was assessed using the Strengths and Difficulties (SDQ) questionnaire.
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Clinical information on all children was extracted using a standardized proforma including data on current AEDs, seizures, and investigations (MRI, EEG). Two pediatric epileptologists independently classified seizures and epilepsy syndromes proposed by the Task Force of the International League Against Epilepsy (ILAE) in 2010. 12 Conflicts were resolved by a third epileptologist. The designation of primary referral concern of the children with non-epilepsyrelated neurodisability was based on data extracted on the standardized proforma. Primary referral concerns were collaboratively classified as "global development," "socialcommunication only," or "motor only" by a pediatrician and child psychologist on the research team. • There is a need to consider both child and parental sleep difficulties in the management of pediatric epilepsy postcodes were used to establish the IMD 2010 ranking of each family.
Sleep/fatigue assessment in children and parents
Child sleep was measured using the Children Sleep Habits Questionnaire (CSHQ). 13, 14 The CSHQ is a parent-completed validated tool for pediatric sleep problems. 13, 14 It has 33 items in 8 domains: bedtime resistance, sleep onset delay, sleep duration, sleep anxiety, night wakings, parasomnias, disordered breathing, and daytime sleepiness. Children with total CSHQ scores of ≥41 are classified as having severe sleep problems. 13 Parents also completed the Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations -Questionnaire (ESSENCE-Q). 15 This questionnaire contains one item focusing on the child's sleep. Respondents are asked "Have you (or anybody else) been concerned for more than a few months regarding child 0 s sleep?" The response options are "Yes," "Maybe/A little," or "No."
Caregiver sleep was measured by the Pittsburgh Sleep Quality Index (PSQI). 16 The PSQI assesses both sleep quality and degree of disturbance using 19 items to generate a total score. It consists of 7 subscales: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. Caregivers with total PSQI scores of ≥5 are classified as having poor quality sleep. 16 The Iowa Fatigue Scale (IFS) 17 was used to assess parental fatigue. It is an 11-item scale whose items are summed to provide a total score. The items are organized into 4 subscales: cognitive, fatigue, energy, and productivity. The cut-off of >35 was used to identify those with significant fatigue. This cut-off was based on a prior study in which 75% of adults in a primary care setting received scores of ≤35 17 and has been used in a previous study of parents of children with epilepsy. 18 
Analysis
Descriptive statistics were used to characterize scores on the CSHQ, PSQI, and IFS. Chi-square or independent t-tests were used to compare the epilepsy and neurodisability groups on child/parent sociodemographic factors. Results of comparisons between groups for the CSHQ, PSQI, and IFS are reported before and after Bonferroni adjustment for multiple comparisons for each set of comparisons.
Analysis of CSHQ scores
Independent t-tests were used to compare mean scores on the CSHQ total score in both groups. Chi-square tests were used to compare the proportions of children in the at-risk range in the epilepsy group compared with the neurodisability group.
Linear regression analyses were performed to identify the factors associated with CSHQ total score in the epilepsy sample and subsequently the total sample. In the epilepsy sample the factors included as possible predictors were gender (male vs. female), child's age (in years), deprivation, child development score (based on GMDS/GMDS-II), child behavior (SDQ total score), taking sleep medication (yes/ no), and the 3 epilepsy factors based on the results of Principal Component Analysis (PCA). PCA (Varimax rotation with Kaizer normalization) was used to reduce the total number of epilepsy factors for the regression analysis. The epilepsy factors included in the PCA analysis were etiology (Genetic/presumed genetic, Structural/metabolic, or Unknown or undetermined), predominant seizure type, seizure frequency (monthly or more often), status epilepticus (seizures longer than 30 min), polytherapy (monotherapy vs. polytherapy), and age at seizure onset (in years), and the analysis resulted in a 3-factor solution accounting for 65% of the variance (see Appendix S1). These 3 factors were subsequently used in the regression analysis. None of the individual epilepsy factors used in the PCA analysis were found to be significant at a 0.05 level.
In the total sample, the epilepsy factors were not included as possible predictors but epilepsy status (present or absent) was included. In the first instance, all independent variables were tested by linear regression. Multivariable analysis was carried out by backward regression, with all predictors entered into the model to identify factors independently associated with the outcome variables.
Analysis of IFS and PSQI data
Between-group analysis
Chi-square tests were used to compare the proportions of mothers/fathers in the at-risk range in the epilepsy group compared with the neurodisability group on the PSQI and IFS. Independent sample t-tests were used to compare PSQI and IFS scores of fathers/mothers in the epilepsy group compared with the neurodisability groups.
Within-group analysis
Mean maternal and paternal scores on the PSQI and IFS in both groups were compared with t-tests. Independent samples t-test were used to compare all mothers and fathers in both groups, whereas paired-sample tests were used to compare mother-father pairs (i.e., children whose mother and father both responded).
Regression analysis
Multiple regression applying generalized estimating equation (GEE) modeling was used to identify factors associated with total score on the PSQI and IFS in the epilepsy and the total samples. Generalized estimating equation (GEE) is used when there is a possible unknown correlation between outcomes and can be used with related data that arises from correlated data such as family data.
In the epilepsy sample, the 3 epilepsy factors were used in the regression analysis. Additional child factors included were age at time of assessment (in years), gender, global developmental level (based on Developmental Quotient score from GMDS/GMDS-ER), behavior problems (total SDQ score) and child sleep difficulties (total CSHQ), and deprivation. Parent factors included were respondent (father/mother), mother's age (in years), father's age (in years), maternal education level (formal education/beyond formal education), paternal education level (formal education/beyond formal education), hours worked by mother and hours worked by father and parental mental health (as determined by total score on the Depression Anxiety and Stress ScalesShort Form ). 19 In the regression analysis for the total sample, additional factors included were epilepsy status (epilepsy/neurodisability). The 3 epilepsy factors were not included in this regression analysis.
Factors associated at the p < 0.200 level were included in the multivariable modeling.
The alpha level for all analyses was p < 0.05. All analyses were performed with IBM SPSS version 23.0 (Armonk, NY, U.S.A.).
Ethics approval
The study was approved by the Westminster Research Ethics Committee and was registered with the collaborating hospital primary care organization: The Sussex Community NHS Trust.
Results
The characteristics of the children in the SEEN study are shown in Table 1 and parental characteristics in Table 2 .
During the study period, 53 children with epilepsy were identified in the study area who met eligibility criteria. The prevalence of epilepsy during the study period was 2.7 per 1,000 (1 in 370 95% CI 285-476). Forty-nine parents returned an interest form and the parents of 48 children subsequently completed the CSHQ. Of these 48 children with epilepsy, 47 mothers and 39 fathers completed the PSQI and IFS. In the non-epilepsy-related neurodisability group, 35 children of 48 had a concern about global development noted, 7 had a motor concern without reference to developmental delay noted and 15 had social communication difficulties noted (6 of whom did not have developmental delay mentioned as a referral concern). In this group, 56 parents returned an interest form and 48 agreed to their child's participation and completed the CSHQ. Forty-eight mothers and 42 fathers completed the PSQI and IFS in the neurodisability group. There were no significant differences between children in either group with respect to age (p = 0.139), Developmental Quotient (p = 0.626), or SDQ total (p = 0.494). Among the parents no significant differences were found in maternal age (p = 0.230), paternal age (p = 0.822), maternal hours worked (p = 0.902), or paternal hours worked (p = 0.360) between the 2 groups. In addition, there was no significant difference between maternal educational level (p = 0.4770), paternal education level (p = 0.463), maternal paid employment status (p = 0.765), paternal employment status (p = 0.596), maternal diagnosis of epilepsy (p = 0.153), paternal diagnosis of epilepsy (p = 0.233), or paternal mental health diagnosis (p = 0.067). The epilepsy group had significantly higher levels of deprivation (p = 0.045) and significantly more mothers of children with neurodisability had been diagnosed with a mental health condition than in the group with epilepsy (p = 0.04). Table 3 shows the scores on the CSHQ, PSQI, and IFS for both groups.
Children's Sleep Habits Questionnaire (CSHQ) and ESSENCE Q-item
In the epilepsy group, 81% of the children had a CSHQ total score ≥41. There was no significant difference between the epilepsy group and the neurodisability group (71% scored ≥41) with respect to the proportion of children who scored above the clinical cut-off (p = 0.232; v 2 = 1.429). In addition, there were no significant differences between the groups on the total CSHQ score (p = 0.075; d = 0.36, 95% CI À0.04 to 0.77) or on any of the subdomains (see Appendix S2). On the sleep item from the ESSENCE-Q, 20 (42%) of parents of children with epilepsy endorsed "Yes," 8 (17%) "Maybe/A Little," and 20 (42%) "No" regarding concerns about the child's sleep. In the neurodisability group, 19 (40%) of parents of children with epilepsy endorsed "Yes," 5 (10%) "Maybe/A Little," and 24 (50%) "No."
Parent measures
Between-group analysis
There were no significant differences either in the proportions of mothers (v 2 = 0.017;p = 0.898) in each group or fathers in each group with poor quality sleep (v 2 = 1.010; p = 0.217) on the PSQI. There were also no significant differences in mothers' mean total PSQI score between the epilepsy and neurodisability groups (p = 0.526), or on any of the subscales or in fathers' mean PSQI scores (p = 0.408), or on any of the subscales (see Appendix S3).
The mean scores on the IFS in both groups for mothers and fathers are in Appendix S4. There was no significant differences in the proportions of mothers (v 2 = 0.274; p = 0.601) or fathers (v 2 = 0.016; p = 0.900) in each group with high fatigue on the IFS. Mothers of children with epilepsy scored significantly higher, indicating greater fatigue on the productivity subscale (p = 0.004) of the IFS. This difference remained significant after Bonferroni adjustment for multiple comparisons. There was no significant difference between the maternal groups on the total score (p = 0. 
Within-group analysis
Epilepsy group. In the epilepsy group, there was no significant difference between mothers and fathers on the total PSQI score (p = 0.084) or on any of the subscales (see Appendix S5), with the exception of total sleep efficiency where mothers reported significantly more problems (p = 0.021). This difference was no longer significant after Bonferroni correction for multiple comparisons. There was a higher proportion of mothers in the abnormal range on the PSQI, but this did not reach statistical significance (p = 0.094; v 2 = 2.8106). The paired-samples analysis also did not find a difference between mothers and fathers, with the exception of total sleep efficiency, but this difference did no remain significant after Bonferroni correction for multiple comparisons (see Appendix S6).
On the IFS there was not a significant difference between mothers and fathers in the epilepsy group (p = 0.059; v 2 = 3.565). Mothers had higher scores than fathers on the total scores but this did not reach statistical significance (p = 0.084). Mothers reported significantly more fatigue (p = 0.013) than fathers on the energy but not the other subscales (see Appendix S5).This difference did not remain significant, however, after adjustment for multiple comparisons. The paired-samples analyses showed that mothers had significantly greater problems on the energy subscale even after Bonferroni correction (Appendix S6).
Neurodisability group. In the neurodisability group, mothers or fathers were not significantly more likely to score in the atrisk range on the PSQI (p = 0.5879; v 2 = 0.2936). Mothers had a significantly higher PSQI score than fathers (p = 0.04) as well as sleep efficiency score (p = 0.03) but not on any of the other subscales (see Appendix S5), but these differences did not remain after Bonferroni adjustment for multiple corrections. The paired-samples analysis revealed mothers to have significantly more difficulties on the sleep efficiency score after Bonferroni correction (see Appendix S6).
There was no significant difference between mothers and fathers on the IFS at the (p = 0.11; v 2 = 2.51, respectively). Mothers had significantly higher scores than fathers on the IFS total score (p = 0.03) and the cognitive (p = 0.02) and energy subscales (p = 0.009) but not on the other subscales. The differences between mothers and fathers remained significant for the energy subscale after Bonferroni correction for multiple comparisons. The paired-samples analyses showed that mothers had significantly greater problems on the total score, energy, and cognitive subscale even after Bonferroni correction (Appendix S6).
Regression analysis
CSHQ. In the epilepsy sample, child age, development score, and total score on SDQ were significantly associated with total CSHQ score on univariable analysis (see Appendix S7). On multivariable analysis, the only factor significantly associated with the total CHSQ score was the total score on SDQ (p = 0.001). Higher scores on the SDQ (i.e., a greater degree of behavioral difficulty) were associated with higher scores on the CSHQ after adjusting for other factors. In the total sample the only factor associated with total CSHQ was also the total difficulties score on the SDQ on multivariable analysis (p < 0.001).
PSQI. On the regression analysis in the epilepsy sample the following factors were associated (p < 0.200) with PSQI total score (see Appendix S8) on univariable analysis: child gender, developmental quotient, SDQ total score, CSHQ total score, respondent, DASS-21 mother, DASS-21 father, and fathers' education. The only factor significantly associated with total score on multivariable analysis was mothers' DASS-21 score (p = 0.040). Greater mental health problems were associated with greater sleep problems. In the total sample (see Appendix S8) the only factors significantly associated with PSQI total score were mothers' DASS-21 score (p = 0.01) and respondent (p = 0.032). Mothers reported more difficulties than fathers and greater maternal mental health difficulties were associated with higher PSQI scores.
IFS.
On the regression analysis for the IFS total score in the epilepsy sample the following factors were associated (p < 0.200) with total score (see Appendix S9): child age, child gender, developmental quotient, SDQ total score, CSHQ total score, respondent, DASS-21 mothers, DASS-21 fathers, fathers' education, and hours worked (mothers). The only factors significantly associated with total score on multivariable analysis were mothers' DASS-21 score (p = 0.018) and respondent (p = 0.031). Greater mental health problems were associated with greater fatigue, and mothers reported more fatigue than fathers after adjusting for the other factors.
In the total sample (see Appendix S9), respondent (p = 0.002), SDQ total score (p = 0.034), and mothers' DASS-21 score (p = 0.005) were significantly associated with IFS total score on multivariable analysis. Mothers reported more difficulties than fathers, and greater maternal mental health difficulties and child behavioral problems were associated with increased fatigue.
Discussion
This study provides population-based data on the high rate of parent-reported sleep difficulties in young children with epilepsy and the significant difficulties with sleep and fatigue experienced by their parents. The inclusion of a neurodisability group matched for developmental status is novel and allowed for a consideration of whether epilepsy uniquely confers an increased risk for difficulties with sleep in children and their caregivers.
Young children with epilepsy have a high rate of parentreported sleep difficulties, with over half of parents reporting that they were concerned about their child's sleep and 4 of 5 children scoring in the at-risk range on a standardized parent-report measure. Inadequate sleep results in tiredness, difficulties with focused attention, low threshold to express negative affect, and difficulty modulating impulses and emotions in children.
20 Given this, the high level of reported need in the current study suggests that young children with epilepsy should be routinely screened for sleep difficulties. The findings of the current study did not find a difference between the epilepsy group and the neurodisability control group. There were no significant differences between the groups with respect to global development or behavioral difficulties, highlighting that the groups were well matched with respect to neurobehavioral impairment. This suggests that epilepsy does not confer an increased risk for sleep difficulties over and above that conferred by other neurologic/ neurodevelopmental difficulties.
This study suggests that sleep is often compromised in parents of children with epilepsy. In one previous study of 52 mothers of children with intractable epilepsy, 67% scored in the "poor sleep" range similar to the 62% in the current study. 21 Almost half of fathers scored in the "poor quality" sleep range in the current study suggesting that difficulties are also common among fathers. Poor sleep quality is associated with a variety of negative consequences in adults, including health-related problems, diminished quality of life, and economic costs. 22, 23 Thus parental sleep difficulties should be considered in the context of familycentered pediatric epilepsy care. The findings of this study add to our understanding of the impact of childhood epilepsy on parental functioning which includes increased symptoms of depression, 24 anxiety, 25 and parenting stress 26 as well as sleep/fatigue difficulties. In the current study the presence of child behavior problems was the only factor associated with child sleep difficulties. Previous studies have also noted a significant relationship between child behavioral problems and sleep difficulties in pediatric epilpsy. 27, 28 The current study did not find a relationship between sleep difficulties and epilepsy factors, which has been shown in previous studies including seizure frequency, 29 AED use, 18 and generalized seizures. 29 Evidence of a relationship between epilepsy factors and sleep from these studies is mixed, but none have been population-based. There are also limited previous studies focusing on contributors to sleep and fatigue difficulties in parents of children with epilepsy. Larson et al 18 reported significantly increased parental sleep difficulties in parents of children with more severe epilepsy and increased number of lifetime AEDs. The lack of a significant association between epilepsy factors and parental sleep in the current study may reflect our population-based approach, age of the children and factors considered as potential contributors. Maternal mental health difficulties were significantly associated with parental sleep and fatigue difficulties suggesting that maternal emotional well-being needs to be considered when developing support for maternal sleep/fatigue difficulties.
Implications for practice and directions for future research
The high level of difficulties reported in the current study suggests that both child and parental sleep should be considered as part of routine care in pediatric epilepsy clinics. A survey of 17 pediatric neurology providers in the United States found that only one did not routinely ask about sleep problems in children with epilepsy but none routinely used validated sleep questionnaires and that the employed methods underidentified the children at risk for sleep difficulties. 5 Therefore, there is a need to validate instruments such as the CSHQ against results from polysomnography or actigraphy to see if it is a valid measure in children with epilepsy. Given the possible role of behavioral problems with regard to sleep difficulties in childhood epilepsy, there is a need to screen for these problems. Identification and treatment of the behavioral problems may help alleviate sleep difficulties, although in some cases the sleep difficulties may be contributing to the behavioral difficulties and thus need to be prioritized. Likewise parental mental health difficulties need to be taken into account when considering interventions focused on improving parental sleep. The lack of significant differences between the epilepsy group and the neurodisability group and failure to find an association between epilepsy factors and sleep difficulties suggests that interventions that work for children with other neurologic/ neurodevelopmental difficulties may also work in the epilepsy population. However, this hypothesis needs to be tested in robust intervention studies.
Limitations
The measure of child sleep used is based on parental report only and parental sleep/fatigue is also based on self-report. Although our study was population based, the sample size is small. The children in the study were aged between one and 7 years and our findings may not be of relevance for younger children or children over 7 years of age.
Conclusion
Sleep should be a core concern when considering the psychosocial impact of epilepsy on young children and their families. There is a need to develop effective methods for screening children and to develop evidence-based support for child and parental difficulties. There is also a need to better understand the relationships between child sleep and child behavior as well as parental sleep and parental mental health in this population.
